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A UTILITY FUNCTION FOR EXAMINING POLICY 
AFFECTING SALMON I N  THE SKEENA RIVER 
Ralph L. Keeney 
J a n u a r y  1976 
~ e s e a r c h  Memoranda a r e  i n t e r i m  r e p o r t s  o n  
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A b s t r a c t  
The i n t e r e s t s  of  many g r o u p s ,  some w i t h  m u l t i p l e  ob jec -  
t i v e s ,  a r e  i m p o r t a n t  t o  i n c l u d e  i n  e v a l u a t i n g  s t r a t e g i e s  
a f f e c t i n g  salmon i n  t h e  Skeena R i v e r .  A m u l t i a t t r i b u t e  
u t i l i t y  model i s  proposed f o r  a d d r e s s i n g  t h e s e  i s s u e s .  Two 
f i r s t - c u t  u t i l i t y  f u n c t i o n s  a r e  a s s e s s e d  u s i n g  t h e  p r e f e r e n c e s  
of two i n d i v i d u a l s  f a m i l i a r  w i t h  t h e  problem. These u t i l i t y  
f u n c t i o n s  p r o v i d e  a  b a s i s  f o r  c o n s t r u c t i v e  d i s c u s s i o n  t o  
a r r i v e  a t  a  r e a s o n a b l e  u t i l i t y  f u n c t i o n  f o r  examining a l t e r -  
n a t i v e  p o l i c i e s .  Two r a t h e r  unique  f e a t u r e s  of  t h i s  s t u d y  
a r e  t h e  e x p l i c i t  f o c u s  on v a l u e  t r a d e o f f s  and e q u i t y  cons id-  
e r a t i o n s  among i n t e r e s t  groups ,  and a  compara t ive  examina t ion  
of t h e  two f i r s t - c u t  m u l t i a t t r i b u t e  u t i l i t y  models.  T h i s  
examina t ion  i n d i c a t e s  t h e  range  o f  fundamental  p r e f e r e n c e s  
which can  be c a p t u r e d  u s i n g  m u l t i a t t r i b u t e  u t i l i t y  f u n c t i o n s  
and i l l u s t r a t e s  t h e  p o t e n t i a l  of  t h e  t h e o r y  f o r  c o n f l i c t  
i l l u m i n a t i o n  and r e s o l u t i o n .  
1 .  I n t r o d u c t i o n  
The Skeena R i v e r ,  and i t s  t r i b u t a r i e s  i n  B r i t i s h  Columbia, 
Canada, i s  a n  i m p o r t a n t  salmon f i s h i n g  a r e a .  Salmon f i s h i n g ,  
which i s  t h e  b a s i s  of t h e  a r e a  economy, c u r r e n t l y  p r o v i d e s  
around 5000 j o b s .  T h i s  i n c l u d e s  t h e  f i she rmen  themse lves ,  p e o p l e  
working i n  c a n n e r i e s ,  and i n d i v i d u a l s  e a r n i n g  a  l i v i n g  from 
t o u r i s m  a s  a  r e s u l t  of t h e  r e c r e a t i o n a l  f i shermen.  P o l i c y  
d e c i s i o n s  i n d i c a t i n g ,  f o r  example, 
7 .  who can  f i s h ,  
-
2 .  what t h e y  can  f i s h  ( t y p e s  o r  s i z e  of  salmon) , 
3 .  where t h e y  can f i s h ,  
4 .  which methods t h e y  can  u s e ,  
5. when t h e y  can f i s h ,  
impact  d i r e c t l y  o r  i n d i r e c t l y  everyone l i v i n g  i n  t h e  Skeena a r e a .  
Other  o p t i o n s  such  a s  t h e  development of  a r t i f i c i a l  spawning 
grounds  a r e  a l s o  p o s s i b l e  and need t o  be e v a l u a t e d .  Such pos- 
s i b i l i t i e s  have many pa ramete r s  ( s i z e ,  c o n s t r u c t i o n  t y p e ,  c o s t ) .  
Even i f  one d e c i d e s  t o  c o n s t r u c t  spawning g rounds ,  how should  
t h e y  be des igned?  
The d e c i s i o n  maker f o r  p o l i c y  problems such a s  t h o s e  i n -  
d i c a t e d  i s  t h e  Canadian Department of t h e  Environment.  The 
problem i s  b o t h  v e r y  i m p o r t a n t  and v e r y  complex. Three  c r u -  
c i a l  a s p e c t s  o f  t h e  complexi ty  a r e :  
1. Any d e c i s i o n  ( o r  no d e c i s i o n )  impac t s  s e v e r a l  g r o u p s ,  
and t h e s e  groups  have i n t e r e s t s  d i r e c t l y  i n  c o n f l i c t  
w i t h  e a c h  o t h e r .  
2 .  Some of  t h e s e  g roups  themse lves  have m u l t i p l e  con- 
f l i c t i n g  o b j e c t i v e s .  
3. The u n c e r t a i n t i e s  i n  t h e  consequences  of  any d e c i s i o n  
are l a r g e .  
Any a n a l y s i s  meant t o  a s s i s t  t h e  Canadian Department o f  t h e  
Environment (CDE) i n  e v a l u a t i n g  o p t i o n s  s h o u l d  a d d r e s s  t h e s e  
c o m p l e x i t i e s .  
T h i s  r e p o r t  i l l u s t r a t e s  an approach--multiattribute 
u t i l i t y  analys is - -which  a l l o w s  one t o  a d d r e s s  t h e  t h r e e  com- 
p l e x i t i e s  above. M u l t i a t t r i b u t e  u t i l i t y  a d d r e s s e s  t h e  p r e f -  
e r e n c e  and v a l u e  t r a d e o f f  a s p e c t s  of  t h e  problem. F o r  
i n s t a n c e ,  it w i l l  i n d i c a t e  'how much' t h e  CDE s h o u l d  b e  
w i l l i n g  t o  t a k e  away from group  A i n  o r d e r  t o  g i v e  a s p e c i f i e d  
amount t o  g roup  B. To b e  used  d i r e c t l y  i n  e v a l u a t i n g  o p t i o n s ,  
one a l s o  n e e d s  a model t o  i n d i c a t e  t h e  impac t s  on g roups  A 
and B of  t h e  v a r i o u s  o p t i o n s .  A s i m u l a t i o n  model h a s  been 
developed by t h e  Ecology P r o j e c t  a t  IIASA t o  d o  t h e  l a t t e r  
( s e e  Walters 1 5 1 ) .  Here w e  w i l l  c o n c e n t r a t e  o n l y  on t h e  p r e f -  
e r e n c e  model,  c a l l e d  a  m u l t i a t t r i b u t e  u t i l i t y  f u n c t i o n  o r ,  more 
s imply ,  j u s t  a  u t i l i t y  f u n c t i o n .  A u t i l i t y  f u n c t i o n  i s  n o t h i n g  
more t h a n  an  o r d i n a r y  o b j e c t i v e  f u n c t i o n  ( t o  be  maximized) e x c e p t  
f o r  one  s p e c i a l  p r o p e r t y :  i n  s e l e c t i n g  among a l t e r n a t i v e s  i n -  
v o l v i n g  u n c e r t a i n t y ,  t h e  expec ted  u t i l i t y  i s  an a p p r o p r i a t e  i n -  
d i c a t o r  o f  t h e  d e s i r a b i l i t y  of  t h e  a l t e r n a t i v e .  I f  one  a c c e p t s  
a set  of  r e a s o n a b l e  a s sumpt ions  f i r s t  p o s t u l a t e d  by von Neumann 
and Morgens tern  1 4 1 ,  t h e n  t h e  d e c i s i o n  maker shou ld  choose  t h e  
a l t e r n a t i v e  w i t h  t h e  h i g h e s t  e x p e c t e d  u t i l i t y .  R a i f f a  [ 3 ]  
d i s c u s s e s  t h e  i m p l i c a t i o n s  of  t h e s e  a s sumpt ions  and a r g u e s  f o r  
t h e i r  r e a s o n a b l e n e s s  f o r  s e l e c t i n g  among a l t e r n a t i v e s .  
The r e p o r t  i s  o r g a n i z e d  a s  f o l l o w s .  S e c t i o n  2 s t r u c t u r e s  
t h e  p r e f e r e n c e  a s p e c t s  o f  t h e  problem. The i n t e r e s t s  o f  t h e  
v a r i o u s  g roups  a r e  i n d i c a t e d .  S e c t i o n  3 b r i e f l y  i n t r o d u c e s  a s p e c t s  
o f  m u l t i a t t r i b u t e  u t i l i t y  t h e o r y  used  i n  t h i s  s t u d y .  S e c t i o n s  4 
and 5 form one u n i t .   hef fourth s e c t i o n  i n d i c a t e s  one p o s s i b l e  
f i r s t - c u t  u t i l i t y  f u n c t i o n  f o r  each  of  t h e  i n t e r e s t e d  g r o u p s .  I n  
S e c t i o n  5,  t h e  p r e f e r e n c e s  o f  t h e s e  g roups  a r e  used  a s  i n p u t s  
t o  c o n s t r u c t  a u t i l i t y  f u n c t i o n  f o r  t h e  CDE. S e c t i o n s  6 and 
7 a l s o  form a u n i t  and c o n s t r u c t  an a l t e r n a t i v e  u t i l i t y  
f u n c t i o n  f o r  t h e  CDE. 
A l l  t h e  a s s e s s m e n t s  i n  t h i s  r e p o r t  a r e  based  on d i s c u s -  
s i o n s  w i t h  D r .  Ray F i l b o r n  ( S e c t i o n s  and 5 )  arid D r .  C a r l  
Yalters . ( S e c t i o n s  6 and 7 )  of t h e  wco loyy  F r o j e c t .  Both 
Hilborn  and W a l t e r s  a r e  from t h e  U n i v e r s i t y  o f  B r i t i s h  
Columbia and a r e  working on a model of  salmon i n  t h e  Skeena 
River .  I n  making t h e  u t i l i t y  a s s e s s m e n t s ,  e a c h  used h i s  
knowledge o f  t h e  "Skeena Problem" t o  respond i n  t h e  way he 
e x p e c t e d  t h e  g roups  and t h e  CDE t o  respond.  I n  S e c t i o n  7 w e  
d i s c u s s  some o f  t h e  d i f f e r e n c e s  i n  b a s i c  p r e f e r e n c e  a t t i t u d e s  
i m p l i e d  by t h e  two u t i l i t y  f u n c t i o n s .  The f i n a l  s e c t i o n  
s u g g e s t s  ways i n  which a m u l t i a t t r i b u t e  u t i l i t y  a n a l y s i s  may 
h e l p  i n  examining o p t i o n s  f o r  t h e  Skeena River .  Of c o u r s e ,  
b e f o r e  any s e r i o u s  e v a l u a t i o n  of CDE p o l i c y  w i t h  such a - 
p r o c e d u r e ,  a t t e m p t s  shou ld  be  made t o  g e t  t h e  a c t u a l  groups1 
u t i l i t y  f u n c t i o n s .  I t  i s  in tended  t o  t r y  t o  a s s e s s  u t i l i t y  
f u n c t i o n s  f o r  each  group i n  t h e  c o u r s e  of  t h e  o v e r a l l  Skeena 
s t u d y .  
One shou ld  i n t e r p r e t  t h e  r e s u l t s  i n  t h i s  paper  a s  p re -  
l i m i n a r y .  The u t i l i t y  f u n c t i o n s  a s s e s s e d  f o r  e a c h  of  t h e  groups  
w e r e  done q u i c k l y  and rough ly  u s i n g  r a t h e r  s t a n d a r d  methodology 
(see S e c t i o n  3 )  t o  p r o v i d e  a  b a s i s  on which t o  improve and 
t o  p r o v i d e  t h e  conponent  u t i l i t y  f u n c t i o n s  n e c e s s a r y  f o r  con- 
s t r u c t i n g  a f i r s t  c u t  o f  t h e  C D E ' s  p r e f e r e n c e s .  There  w e r e  two 
more unique  a s p e c t s  of t h e  s t u d y .  The f i r s t  invo lved  synthe-  
s i z i n g  t h e  u t i l i t y  f u n c t i o n s  of t h e  s e p a r a t e  g roups  i n t o  a n  
o v e r a l l  CDE u t i l i t y  f u n c t i o n .  T h i s  r e q u i r e d  t h e  e x p l i c i t  con- 
s i d e r a t i o n  of  v a l u e  t r a d e o f f s  between groups  and of  e q u i t y  among 
t h e  groups .  The second unique  f e a t u r e  invo lved  t h e  compara t ive  
examinat ion  of D r .  H i l b o r n ' s  and D r .  \ ? a l t e r s v  u t i l i t y  a s sessments .  
T h i s  c l e a r l y  i d e n t i f i e s  p o i n t s  of agreement  and d i sagreement  
concern ing  t h e  p r e f e r e n c e  s t r u c t u r e  ( i . e .  o b j e c t i v e s )  t o  be  used 
i n  t h e  s t u d y .  S i m i l a r  a n a l y s e s ,  done i n  more d e t a i l  w i t h  more 
c a r e ,  c o u l d  a s s i s t  i n  i d e n t i f y i n g  and r e s o l v i n g  c o n f l i c t s  i n  
problems w i t h  m u l t i p l e  d e c i s i o n  makers.  
2.  The I n t e r e s t  Groups and T h e i r  O b j e c t i v e s  
There  a r e  f i v e  main groups  whose p r e f e r e n c e s  a r e  i m p o r t a n t  
t o  t h e  CDE. Four of  these - - the  l u r e  f i she rmen ,  t h e  n e t  f i s h e r -  
men, t h e  s p o r t f i s h e r m e n ,  and t h e  Ind ians - -a re  d i r e c t l y  i n v o l v e d  
i n  f i s h i n g .  The f i f t h  g roup  i n c l u d e s  a l l  t h o s e  i n d i v i d u a l s  
whose w e l f a r e  i s  t i e d  t o  f i s h i n g ,  such  a s  t h e  cannery  employees 
and m o t e l  o p e r a t o r s .  L e t  u s  j u s t  r e f e r  t o  t h e  l a t t e r  g roup  a s  
t h e  ' r e g i o n a l  development '  group.  
The l u r e  and n e t  f i shermen b o t h  f i s h  f o r  a  l i v e l i h o o d ,  
u s i n g  l u r e s  and n e t s  r e s p e c t i v e l y .  The l u r e  f i she rmen  a r e  
n e a r  t h e  mouth of  t h e  Skeena,  and t h e  n e t  f i shermen a r e  
upstream a l i t t l e  i n  a  c o n t r o l l e d  a r e a .  Upstream from them 
a r e  t h e  s p o r t f i s h e r m e n  and upstream s t i l l  a r e  t h e  I n d i a n s .  
The l a t t e r  two groups  f i s h  mainly  f o r  p l e a s u r e  and food.  
The o b j e c t i v e s  h i e r a r c h y  f o r  t h i s  problem i s  i l l u s t r a t e d  
i n  F igure  1. The CDE, a s  d e c i s i o n  maker, ha s  s i x  major 
o b j e c t i v e s :  t o  s a t i s f y  each of t h e  f i v e  i n t e r e s t  groups a s  
much a s  p o s s i b l e  and t o  minimize t h e i r  own (government) 
expenses .  The degree  t o  which t h e  n e t  f i shermen a r e  s a t i s f i e d  
depends,  of cou r se ,  on how w e l l  t h e i r  own o b j e c t i v e s  a r e  
s a t i s f i e d .  A s  i n d i c a t e d  i n  t h e  f i g u r e ,  t h e i r  main i n t e r e s t s  
a r e  t o  maximize t h e i r  income p e r  f i sherman ,  op t imize  t h e i r  
f i s h i n g  t i m e  ( i . e .  d o n ' t  work t o o  much o r  t o o  l i t t l e ) ,  and 
maximize t h e  d i v e r s i t y  of t h e  c a t c h .  The l a s t  o b j e c t i v e  
is  a  proxy i n d i c a t o r  f o r  t h e i r  p sycho log i ca l  we l l -be ing .  
Knowing t h e  r i v e r  i s  h e a l t h y  ( i . e .  suppo r t i ng  many s p e c i e s )  
p rov ides  bo th  f u t u r e  f l e x i b i l i t y  a s  w e l l  a s  f u t u r e  s e c u r i t y .  
The l u r e  f i shermen have t h e  same o b j e c t i v e s  f o r  themselves  
a s  do t h e  n e t  f i shermen.  The Ind i ans  and spo r t f i she rmen  a r e  
i n t e r e s t e d  i n  maximizing t h e i r  f i s h  c a t c h .  The r eg ion  wants 
t o  maximize economic b e n e f i t s  from employment and r e c r e a t i o n a l  
sou rce s  a s  w e l l  a s  t o  have an abundance o f  f r e s h  f i s h  t o  e a t .  
L e t  us  r e t u r n  t o  t h e  t h r e e  complex i t i e s  mentioned i n  t h e  
i n t r o d u c t i o n  and e l a b o r a t e  on them i n  t h e  c o n t e x t  o f  our  
problem. Suppose t h e  CDE i s  cons ide r ing  a  p o l i c y  of  con- 
s t r u c t i n g  a r t i f i c i a l  spawning grounds which c o s t  m i l l i o n s  
of d o l l a r s .  One s c e n a r i o  may be t h a t  on ly  a  t e w  a d d i t i o n a l  
f i s h  r e t u r n  from t h e  ocean whereas ano ther  s c e n a r i o  may l e a d  
t o  l a r g e  i n c r e a s e s  i n  a d u l t  salmon i n  t h e  Skeena. The uncer- 
t a i n t i e s  h e r e  a r e  l a r g e .  I f  t h e  CDE changes l i c e n s i n g  s t r a -  
t e g i e s ,  t h i s  may i n c r e a s e  a d m i n i s t r a t i v e  (government) c o s t s  
and s imul taneous ly  l e a d  t o  b e t t e r  h a r v e s t s  f o r  l u r e  and n e t  
f i shermen.  However, t h e y  may need t o  work more t o  se t  t h i s  
i n c r e a s e .  Another impact  may be  t h e r e  a r e  l e s s  f i s h  f o r  t h e  
spor t f i shermen  and t h e  Ind i ans .  These groups  would t h e n  be 
d i s p l e a s e d .  The o v e r a l l  impact on t h e  r eg ion  might be more 
employment i n  c a n n e r i e s ,  e t c . ,  b u t  less r e c r e a t i o n a l  income. 
What should  t h e  CDE do? Somehow they  must g e t  a  measure of  
each of  t h e  p o s s i b l e  impac t s ,  ba l ance  t h e s e  i n  some f a i r  way, 
and dec ide  "With a l l  p r o s  and cons cons ide red ,  shou ld  w e  go 
ahead w i th  t h e  new l i c e n s i n g  s t r a t e g y  o r  no t ? " .  
I n  F igure  1, t h e  bottom l e v e l  o f  t h e  h i e r a r c h y  l i s t s  
twelve  o b j e c t i v e s  which a f f e c t  t h e  C D E ' S  d e c i s i o n s .  Table  1 
l i s t s  a  measure,  c a l l e d  an a t t r i b u t e ,  f o r  each of  t h e s e  
o b j e c t i v e s ,  a s  w e l l  a s  ranges  of  t h e  p o s s i b l e  impacts  on each  
=g Xi i = 1 . 2 , .  . . ,12 a s  t h e  a t t r i b u t e  a t t r i b u t e .  W e  d e s i g n a t  
a s s o c i a t e d  w i t h  t h e  i o b j e c t i v e .  
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FIGURE 1.THE OBJECTIVES IN THE SKEENA PROBLEM 
Table 1. Attributes for the Skeena Problem 
Attribute Worst Level Best Level 
X1 annual income/net fisherman 0 $25,000 
X2 E annual days fishing/net fisherman 100 0 
Xj Z species of salmon in the Skeena 1 10 
4 - annual income/lure fisherman 0 $25,000 
X5 5 annual days fishing/lure fisherman 100 0 
X6 E species of salmon in the Skeena 1 10 
X, annual sportfisherman catch of salmon 0 1,000,000 
X8 Z employment 0 5000 
X9 E annual revenue due to recreation 0 $10,000,000 
Xl0% cost of fresh salmon/lb. $10.00 $0.20 
XllE annual Indian catch of salmon 0 100,000 
X12 E annual expenditures (millions of dollars) $10 $0 
3 .  The Methodology 
L e t  us  u s e  xi t o  d e s i g n a t e  a s p e c i f i c  l e v e l  o f  a t t r i b u t e  
xi; khen t h e  consequence of  any d e c i s i o n  t a k e n  by t h e  CDE c a n  be 
r e p r e s e n t e d  by t h e  twe lve - tup le  ( x ~ , x ~ , . . . , x ~ ~ ) .  For  d e c i s i o n  
making, w e  want t o  a s s i g n  a number u ~ ( x ~ , x ~ , . . .  lx12 ), r e f e r r e d  
t o  a s  u t i l i t y ,  t o  each  consequence. One may t h i n k  of  uG a s  
t h e  government ' s  CDE u t i l i t y  f u n c t i o n .  Ra the r  t h a n  a s s e s s  uG 
d i r e c t l y ,  w e  w i l l  b r e a k  t h e  problem i n t o  p a r t s  u s i n g  t h e  
s t r u c t u r e  
where uN, uL, us, uR, and uI a r e  u t i l i t y  f u n c t i o n s  f o r  t h e  
n e t  f i she rmen ,  l u r e  f i she rmen ,  s p o r t f i s h e r m e n ,  r e g i o n ,  and 
I n d i a n s ,  r e s p z c t i v e l y ,  x i s  t h e  C D E ' s  e x p e n d i t u r e s ,  and u 2 i s  i t s e l f  a u t i l i t y  func&=on o v e r  t h e  s i x  a t t r i b u t e s  U N ,  U L ,  
US,  U R t  U and X12 which t a k e  on amounts d e s i g n a t e d  by uN,uL,  ..., x 1 2 '  ( 
The t h r e e  m u l t i a t t r i b u t e  u t i l i t y  f u n c t i o n s  uN, u L I  and uR I 
are a l s o  d i v i d e d  i n t o  t h e i r  component p a r t s ,  s o  1 
and 
where e a c h  ui is a u t i l i t y  f u n c t i o n  o v e r  t h e  a t t r i b u t e  Xi.  
I n  o r d e r  t o  s t r u c t u r e  t h e  u t i l i t y  f u n c t i o n s  a s  i n d i c a t e d  
i n  (1) th rough  ( 4 )  , one needs t o  make some assumpt ions .  The 
two assumpt ions  used  i n  t h i s  s t u d y  are p r e f e r e n t i a l  indepen- 
dence and u t i l i t y  independence.  L e t  u s  b r i e f l y  d e f i n e  t h e s e  
and s ta te  two r e s u l t s  f o l l o w i n g  Irom them which are used i n  
t h i s  s t u d y .  
Assume w e  have t h e  set of a t t r i b u t e s  { Y ~ , Y ~ , . . . , Y ~ \ .  
I f  n  - > 3 ,  w e  w i l l  s a y  t h e  p a i r  of a t t r i b u t e s  {y1,y2/ i s  
p r e f e r e n t i a l l y  independen t  ( P I )  o f  t h e  o t h e r  a t t r i b u t e s  i f  
t h e  p r e f e r e n c e  o r d e r i n g  o f  (y1,y2)  p a i r s ,  g i v e n  t h e  o t h e r  
a t t r i b u t e s  a r e  h e l d  f i x e d ,  d o e s  n o t  depend o n  t h e  l e v e l s  where 
t h e y  a r e  f i x e d .  I f  { Y ~ , Y ~ }  is P I ,  t h e n  t h e  v a l u e  t r a d e o f f s  
between Y1 and Y2 w o n ' t  depend on t h e  l e v e l s  o f  Y 3  t h r o u g h  Yn.  
Whereas p r e f e r e n t i a l  independence o n l y  conce rns  p r e f e r e n c e s  
f o r  s u r e  consequences ,  u t i l i t y  independence conce rns  p r e f e r -  
e n c e s  f o r  l o t t e r i e s .  A l o t t e r y  i n d i c a t e s  which o f  s e v e r a l  
consequences  may o c c u r  and an a s s o c i a t e d  p r o b a b i l i t y  o f  t h e  
o c c u r r e n c e  of  e a c h .  W e  w i l l  s a y  Y ,  is u t i l i t y  independen t  
( U I )  o f  t h e  o t h e r  a t t r i b u t e s  i f  t h e  p r e f e r e n c e  o r d e r  f o r  
l o t t e r i e s  o v e r  Y1, g i v e n  t h e  o t h e r  - a t t r i b u t e s  a r e  f i x e d ,  does  
n o t  depend on t h e  l e v e l  where t h o s e  a t t r i b u t e s  a r e  f i x e d .  
Given v a r i o u s  p r e f e r e n t i a l  and u t i l i t y  independence  con- 
d i t i o n s ,  one can  d e r i v e  v a r i o u s  forms o f  u t i l i t y  f u n c t i o n s  
u  c o n s i s t e n t  w i t h  t h e  decompos i t ions  (1) - ( 4 ) .  For purposes  
h e r e ,  w e  a r e  i n t e r e s t e d  i n  two p a r t i c u l a r  r e s u l t s .  
Theorem 1. Given Y 1 , Y 2 , . . . , Y n ,  n  > 3 ,  suppose  f o r  some Y i ,  
- 
b o t h  { Y i , Y j \  i s  P I  f o r  a l l  j # i ,  and Yi i s  U I ,  t h e n  
e i t h e r  
where 
i) u  and t h e  ui a r e  u t i l i t y  f u n c t i o n s  s c a l e d  
0 t o  1, ( 7  
ii) o < ki < 1 , i = 1 , 2 , . . . , n  , ( 8 )  
and i f  l k i  # 1, k  > -1 i s  t h e  nonze ro  
s o l u t i o n  t o  
n  
iii) 1 + k  = il (1 + kki) . 
i=l 
Theorem 2 .  Given Y1 and Y 2 ,  i f  Y1 i s  U I  and Y2 i s  U I ,  then  
e i t h e r  ( 5 )  o r  ( 6 )  holds .  With our  s c a l i n g  convent ion,  
both ca ses  can be w r i t t e n  a s  
Proof of t h e s e  r e s u l t s  a s  w e l l  a s  more d e t a i l s  about  p re fe r -  
e n t i a l  independence, u t i l i t y  independence, and r e l a t e d  r e s u l t s  
a r e  found i n  Keeney and Raif f a  [ 2 1  . I n  t h e  s e c t i o n s  which 
fo l low,  we w i l l  r epea t ed ly  use t h e s e  theorems i n  s t r u c t u r i n g  
t h e  p re fe rences  of t h e  CDE. 
4.  H i l b o r n ' s  F i r s t -Cut  U t i l i t y  Funct ions  f o r  t h e  I n t e r e s t  Groups 
I n  t h i s  s e c t i o n ,  we i l l u s t r a t e  t h e  assessment of t h e  
u t i l i t y  f u n c t i o n s  of  t h e  f i v e  i n t e r e s t  groups.  A s  mentioned 
e a r l i e r ,  t h e s e  u t i l i t y  func t ions  w e r e  as ses sed  i n  i n t e rv i ews  
wi th  Ray Hilborn.  Before w e  began any assessments ,  t h e  Ecology 
P r o j e c t  had i d e n t i f i e d  t h e  a t t r i b u t e s  f o r  t h e  problem. Ray 
had a l s o  done some reading about u t i l i t y  t heo ry  be fo re  w e  
began. 
Our f i r s t  assessment s e s s i o n  c o n s i s t e d  of examining t h e  I 
reasonableness  of t h e  p r e f e r e n t i a l  inde-pendence , cond i t i ons  
r equ i r ed  by t h e  theorem s t a t e d  i n  t h e  l a s t  s e c t i o n  i n  o r d e r  1 
t o  use  ( 2 ) ,  (3), and ( 4 ) .  A t  t h a t  t ime a  f o u r t h  a t t r i b u t e ,  c a l l e d  
freedom measured by t h e  number of  boa t s  f i s h i n g  an a r e a ,  was 
included i n  both  t h e  n e t  f isherman and l u r e  f ishermen p re fe rences .  
I t  tu rned  o u t  t h a t  t h e  fishermen would g ive  up more i n  terms 
of annual  s a l a r y  t o  avoid l a r g e  congest ion (many b o a t s )  i f  
annual  days f i s h i n g  was high than  i f  it was low. Thus, 
freedom combined w i t h  income, f o r  example, was n o t  p re fe ren -  
t i a l l y  independent of days f i s h i n g .  However, p re l iminary  
a n a l y s i s  i n d i c a t e d  t h a t  t h e  weight of t h e  freedom a t t r i b u t e ,  
g iven  i t s  p o s s i b l e  ranges ,  would l i k e l y  have l i t t l e  impact on 
e v a l u a t i n g  po l i cy .  Hence, it was decided t o  d rop  it. Th i s  
l e f t  u s  wi th  t h e  t h r e e  a t t r i b u t e s  f o r  t h e  two commercial 
f ishermen groups.  Given t h i s  s t r u c t u r e ,  t h e  p r e f e r e n t i a l  
independence and u t i l i t y  independence c o n d i t i o n s  necessary  t o  
use  Theorem 1 seemed reasonable .  
1 
L e t  u s  examine p r e f e r e n c e s  o f  t h e  v a r i o u s  g r o u p s .  
The Y e t  F i s h e r m e n ' s  U t i l i t y  F u n c t i o n  
Given o u r  a s s u m p t i o n s ,  w e  know t h a t  e i t h e r  
where uN,  u l ,  u 2 ,  and  u3  a r e  s c a l e d  from z e r o  t o  one  and  ki i s  
d e f i n e d  a s  t h e  u t i l i t y  measured by u  o f  a t t r i b u t e  Xi a t  i t s  N .  
b e s t  l e v e l  and  t h e  o t h e r  two a t t r i b u t e s  a t  t h e i r  w o r s t  l e v e l s  
f o r  b o t h  ( 1 1 )  and ( 1 2 ) .  The number k?l i s  c a l c u l a t e d  d i r e c t l y  
from k l ,  k 2 ,  and  k 3  i f  k l  + k2 + k3 f 1 .  If k l  + k 2  + k 3  = 1 ,  
t h e n  ( 1 1 )  h o l d s .  Thus t o  s p e c i f y  U ~ ( X ~ , X ~ , X ~ ) ,  w e  needed t o  
a s s e s s  u l ,  u 2 ,  u3 and k l ,  k 2 ,  k3.  
The a s s e s s m e n t  o f  u  i = 1 , 2 , 3 ,  fo l lowed  s t a n d a r d  proce-  i ' 
d u r e s  a s  d i s c u s s e d  i n  Keeney and R a i f f a  [ 2 1 .  For  i n s t a n c e ,  
c o n c e r n i n g  X I ,  w e  found t h a t  t h e  a v e r a g e  of any  l o t t e r y  i s  
p r e f e r r e d  t o  t h e  l o t t e r y  i t s e l f .  T h i s  i m p l i e d  u l  was concave .  
Then t h e  c e r t a i n t y  e q u i v a l e n t *  f o r  t h e  l o t t e r y  <$0;$25,000> 
y i e l d i n g  a  50-50 chance  a t  a n  a n n u a l  s a l a r y  of $0 o r  $25,000 
was found t o  b e  $8 ,000 .  
Thus ,  u1 (8000)  was a s s i g n e d  from 
which t o g e t h e r  w i t h  o u r  s c a l i n g  c o n v e n t i o n  g i v e s  u s  t h e  t h r e e  
p o i n t s  on  t h e  g r a p h  i n  F i g u r e  2A.  The u t i l i t y  f u n c t i o n  u l  was 
chosen  u s i n g  a n  e x p o n e n t i a l  f i t  t h r o u g h  t h e s e  t h r e e  p o i n t s .  4s 
a  check ,  w e  a s s e s s e d  $3000 i n d i f f e r e n t  t o  <$0;$8000> which 
seemed q u i t e  c o n s i s t e n t .  
* 
I n  i n t e r p r e t i n g  c e r t a i n t y  e q u i v a l e n t s  f o r  income, it i s  
i m p o r t a n t  t o  r e a l i z e  t h e  amounts r e f e r  t o  f i s h i n g  income. 
F ishermen have o t h e r  s o u r c e s  of  income i n c l u d i n g  government a i d .  
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S i m i l a r  e x p o n e n t i a l  f i t s  w e r e  used  f o r  a t t r i b u t e s  X2 
and X3 t h r o u g h  t h e  t h r e e  p o i n t s i n d i c a t e d  i n  F i g u r e s  2B 
and 2C. P a r t  o f  t h e  j u s t i f i c a t i o n  f o r  t h e  u s e  o f  t h i s  s i m p l e  
form i s  t h a t  more s o p h i s t i c a t e d  forms add l i t t l e  a d d i t i o n a l  
f l e x i b i l i t y  i n  a  m u l t i a t t r i b u t e  c o n t e x t  r e l a t i v e  t o  t h e i r  
a d d i t i o n a l  c o m p l e x i t y .  
Next w e  wanted t o  a s s e s s  k  1, k 2 ,  and  k3  i n  a s  s i m p l e  a  
way a s  p o s s i b l e .  T h i s  was done w i t h  t h e  i n f o r m a t i o n  i n  
F i g u r e s  2D, 2E, and 2F. F i r s t ,  w e  c o n s i d e r e d  t r a d e o f  f s be- 
tween X1 and X2 g i v e n  X was h e l d  f i x e d .  I t  was found t h a t  3  
(x l  = 0 , x2 = 0)  and (x l  = $7000 , x2 = 100) i n d i c a t e d  i n  
F i g u r e  2D w e r e  i n d i f f e r e n t .  E q u a t i n g  t h e  u t i l i t y  o f  t h e s e  
two consequences  u s i n g  e i t h e r  (11) o r  ( 1 2 )  y i e l d s  
S i m i l a r l y  l o o k i n g  a t  t r a d e o f f s  between X l  and X 3 ,  w e  found 
(x l  = $3000,  x3  = 1) and ( x  = u ,  x3 = 10) i n d l f  f e r e n t .  Thus 1 
F i n a l l y ,  w e  a s s e s s e d  t h e  p r o b a b i l i t y  pN s u c h  t h a t  t h e  con- 
sequence  and t h e  l o t t e r y  i n  F i g u r e  2F were i n d i f f e r e n t .  
T h i s  was found t o  b e  pN = . 8 .  E q u a t i n g  u t i l i t i e s  o f  t h e  
consequence  and  t h e  l o t t e r y  y i e l d s  
S o l v i n g  t h e  t h r e e  e q u a t i o n s  ( 1 3 )  , ( 1 4 )  , and ( 1 5 )  u s i n g  ul 
f rom F i g u r e  2A, w e  f i n d  k l  = 0 . 8 ,  k2  = 0 . 3 6 ,  and k3 = 0.17 .  
S i n c e  kl + k2 + k3  # 0 ,  t h e  m u l t i p l i c a t i v e  u t i l i t y  f u n c t i o n  
(11) i s  t h e  a p p r o p r i a t e  o n e .  
W e  r a n  two c o n s i s t e n c y  c h e c k s  on t h e  a s s e s s m e n t s .  The 
f i r s t  i n v o l v e d  c h o o s i n g  which o f  t h e  two l o t t e r i e s  i n  
F i g u r e  2G i s  p r e f e r a b l e .  I n  e a c h  c a s e  t h e r e  is  a  50-50 chance  
o f  g e t t i n g  0 o r  $25 ,000  f o r  t h e  y e a r  and a  50-50 chance  of  
working  0 o r  100 d a y s .  The d i f f e r e n c e  i s  i n  how t h e  two 
a t t r i b u t e s  a r e  combined. The second  l o t t e r y  was p r e f e r r e d ,  
which i m p l i e s  k l +  k2  + k3 must  be  g r e a t e r  t h a n  one .  T h i s  
check was c o n s i s t e n t .  
The second  check  i n v o l v e d  c o n s i d e r i n g  t r a d e o f f s  between 
X2 and X3.  W e  found  (x2  = 7 5 ,  x  = 1 ) and (x2  = 100, x  = 10) 3  3  
t o  b e  i n d i f f e r e n t  a s  i n d i c a t e d  i n  F i g u r e  2H. E q u a t i n g  u t i l i -  
t i e s  i m p l i e s  






























